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13-  abstract  {Msxtrmjm  200  wonts) 

The  ability  of  recently  developed  laser  smoothing  tcchnKjues  to  yroducc  uniform  aWauon  pressures  f.  suonglv  sonimpcrn  rm  i.hr 
degree  of  thermal  smoothing  Thermal  smoothing  is  not  effective  at  reducing  residua!  laser  nonunifortnities  during  ihe  sian  up  phase 
of  a  shaped,  reactor-like  laser  pulse  The  impact  of  the  first  shock  can  be  diminished  bs  adiahaiitalK  compressing  the  uign  s*  nh  a 
temporally  long,  slowly  rising  laser  pulse.  This  Memorandum  Report  discusses  an  elasitc  pUsiK,  laset-matiet  imtractn'n  modr!  and 
shows  that  a  shock-free,  induced  spatul  incoherence -smoothed  laser  pulse  can  accelerate  a  largci  m  nearK  the  condnions  required  f~r 
uniform  implosion. 
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SHOCK-FREE  ACCELERATION  OF  LASER  DRIVEN  TARGETS 


A  high  degree  of  ablatn.>ii  prexsure  uuifuruuiy  ls  a  uect*?.sar>  attrn.  >ii  fui  t  ut.  Mi<  ^  ui 
laser  driveix  iuertial  coohuerueut  fusiou  Asynuuetru.^  m  the  abUttiuu  pr>->ux«"  jiiust 
less  than  a  few  percent  throughout  the  tmplosjuu  proct's.s  if  high  gain  i>  lu  i«  ' 

This  places  a  s*;vere  requirernem  of  the  uniformity  id  the  iioer  iliunuuatii .n  Tie  absht'. 
of  the  recently  developed  random  pha>e  plate  (UPE!*  >m>Mjtbmg  bv  -pet  ual  dasjM  t  -i.  n 
(SSD)^,  and  induced  spatial  incoherence  (ISI)^  la^-r  Muin.thmg  t«viiniqm->.  ?u  pr..dm«-  a 
nearly  uniform  ablation  pressure  is  strongly  contingent  on  the  degr<'e  of  thernuu  smoothing 
in  the  ablating  plasma/*'^  The  SSD  and  ISI  techniques  iMUieht  from  temjMiral  smoothing  a- 
a  result  of  the  broadband  nature  of  the  laser  light  but  residual  nouumformitn’s  {wrsist  with 
all  three  methods.  Nearly  ail  shaped  reactor-like  lastr  pulses  aj«*  roraiKiM^d  of  four  distinct 
phases  :  (1)  an  initial  rapid  rise  to  a  low  -  to  -  moderat**  intensity.  (2i  a  long  teniporai. 
low  intensity  “foot",  {3)  a  moderately  rapid  (po^-er  law-like)  rise  to  high  intensity,  and 
(4)  the  main  drive  portion  of  the  pulse  See  Figtire  1  The  first  tuY)  regmi»*s  are  u.sually 
referred  to  as  the  start-up  phase,  and  the  ratio  of  the  final  dnw  [Kwer  to  the  foot  jwiwr  is 
termed  the  dynamic  ramge  The  details  of  the  actual  pulse  shape  ( initial  rise  time,  durat  ion 
of  the  “foot”,  dynamic  range,  and  final  drive  intensity)  are  dictated  by  the  target  design 
(material  composition,  layered/ no nlayererl.  target  thickness)  and  the  desured  final  vYdorhy 
of  the  target;  but,  in  general,  the  pulse  is  designed  so  that  the  initial  shock  k«s-ps  the 


target  on  a  low  adiabat  and  breaks  out  through  the  rear  of  the  target  as  the  laser  mten.sity 


reaches  the  beginning  of  the  drive  portion  of  the  pulse 
M»nu*cripl  approved  October  20,  1992. 
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Theriiiai  siuotsthmg  ls  m)t  fiiWctivtr  at  miutaug  aii\'  tiiiit-rt-ut  braja  tisiauuduinia 
ties  during  the  “foot”  portu)U  of  thr  puUt'  and  the  shtnik  struiiur*'  gen«-ratt-<i  tiuimg  tii<- 
start-up  phase  will  iiurrur  any  residual  laser  nunusiifttmiities  ^  The  revuituig  >jaall  Uiitutl 
mass  perturbations  can  linearly  grow  a  order  of  magnitude  or  more,  dependtiig  >>ii  the 
taxget  thickn*:.“ss,  as  a  r^tsuk  of  the  Kichtmyer'M*e>hkuv  lustaluhty^'  l>eftue  the  taigt  !  be-gm- 
the  rapid  acceleration  phase  ^  It  Is  the  mass  \'ariatious  near  the  Ij^'gmnmg  of  the  drive 
portion  of  the  laser  pulse  which  will  provide  the  for  Rayleigh-Taylor"  (Rl'i  growth 

during  the  acceleration  phases  For  a  target  to  implode  uniformly,  the  mass  vmiatious 
at  this  point  must  be  -C  l'?c.  Recent  miinenail  r*'siilfs^  indicate  that  cold.  low  detisity 
foam  layers,  multiple  wavelength  lasers  and  initud  x-ray  Hashes  can  sigmricantly  rtsduce 
the  mass  perturbation  level  stenmiing  from  the  initial  imprint  of  an  ISl-smooth<si  l{vs<»r 
beam  There  is  also  expermentai  evidence  that  an  initial  x-ray  Hash  can  elimmate  piavriut 
jetting  generated  by  the  initial  imprint  of  an  ISI-smfK>thed  laser  *  However,  the  numerical 
results  indicate  that  the  perturbation  level  at  the  bf'gmuing  of  the  drive  pci-iion  of  the 
pulse  (several  percent)  is  still  too  large  to  enable  the  target  to  implode  uniformly  ^  Smt  e 
it  is  the  first  shock  which  Is  the  culprit  here,  it  may  be  possible  to  compress  the  target 
adiabatically  -  without  any  shocks  except  for  the  final  drive  portion  of  the  pulse  -  and  cir¬ 
cumvent  the  problem.  This  would  entail  a  very  long,  slowly  rising  law'r  puhe  pulse  of 
this  shape  would  generate  kilobar-iike  pressures  in  the  target  and  thus  compressive  stre<;s. 
shear  stress,  elastic  response  and  plastic  flow  become  important  cons 'derat  ions  We  have 
modified  our  numerical  model  to  account  for  these  phenomena  and  report  on  those  results 
in  this  Memorandum  Report. 
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Our  two-diniensional,  C<irttisiLaii,  fully  comprt'ssjbk-  tiy<lrviiiyuajuu>  witL  a  -hdiuc 
Eulerian  grid  with  variable  grul  spaciug  and  real  ^-quatjou  <4  inv,-  b*-t-£i 
incorporate  elastic,  elastic-plastic,  and  hydrodynamu:  Huw  in  a  ijuinn<.-r  smuhu  tt>  th*-  iu...!.  i 
de\'eloped  by  Wilkins®  The  nu?dia  Ls  assumwl  tt*  b»-  is«jti<*pK  and  fin-  m  th* 

conserv'ation  equations  fur  rnonientuni  and  energy-  itx<‘  ruiiijtus«-d  uf  a  iaf<-d 

a  hydrostatic  pressure  and  a  stn^ss  aswiciated  with  the  resistance  uf  the  inateual  to  da  ;a 
distortion.  Hooke's  law  provides  the  linear  corr*-spon<lence  b<'tw«^;*n  stress  and  .strain  for 
an  elastic  material  through  the  Lame’  constants  which  are  material  de|K‘ijtif'nt 
flow  begins  where  the  elastic  distortion  energy  excetxis  the  von  Mis<:*s  yield  rondsnon 
Plastic  flow  is  described  by  maintaining  the  stress  deviators  at  the  elastic  liniit  s«»  that 
the  material  flows  plastically  under  a  constant  stress  without  work  hardening  When 
enough  work  has  been  done  to  melt  the  material,  the  yield  strf^^s  is  s»-t  to  zc-ru  arid  tie 
hydrodynamic  description  follows  automatically  The  particulars  of  the  model  will  be 
detailed  in  a  forthcoming  report.'* 

As  a  test  of  the  model  we  simulate  the  response  of  a  target  impacted  with  a  1  ns- 
FWHM  Gaussian  1/4  nm  laser  pulse  with  a  peak  intensity  of  10“'  W/ern*  The  t;  .get  i.'- 
composed  of  35  of  polystyrene  (p^//  ~  l.Odym/cm^)  with  a  45  pm  thick  layer  ,,f  l.av 
density  foam-like  material  {p°foQm  ~  O.OBgm/cm^)  on  the  front  surface  ' h'lser-sideM  Tisb 
artificial  foam-like  material  has  material  properties  similar  to  a  mixture  of  polystyrene  and 
frozen  DT.  As  the  absorption  characteristics  of  low^  intensity  la^iers  L-s  not  well  under.'^tiHtd 
and  is  further  complicated  by  the  problems  of  material  tianspeurency  and  -hme-thruiigh'” 
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we  assume  that  the  targets  are  opaque  to  the  laser  light  and  the  laM-i  light  iv  ,i 

through  inverse  Brenisstrahlung  absorption  with  lO'jl  uf  the  laser  light  t  hat  if-a<  h<-^  ^  u  .d 
deposited  in  three  cells  that  surround  the  critical  surface  (in  this  t  iise  the  tiiiget  vur.nv  • 
Figure  2  is  an  x-t  diagram  illustrating  the  elastic  compressiMU  ami  waves 

gating  through  the  two  rnateriaLs  A  2-D  perspective  phu  ui  the  deiiMtv  .-,u  ii  :;.i. 
is  plotted  separately  for  clarity  and  the  density  is  normaiized  to  I  0  in  each  i  a'-e  (j.  h 
the  laser  “pings”  the  foam  layer,  an  elastic  compns^sion  wave  is  stuit  tlirough  the  fo.iii; 
When  this  wave  reaches  the  plastic-foum  interface,  a  {wirtiou  is  traiisnutted  through  tic 
plastic  and  a  portion  is  reflected  back  through  the  foam  As  tht-s**  ci impression  wave- 
reach  the  front  and  rear  free  surfaces,  they  are  reflected  as  elastic  tension  waves  and  tie 
cycle  continues.  Note  that  once  the  compression/tension  wave  has  projuigatts^l  througi; 
the  material,  the  material  relaxes  back  to  its  original  den.sity,  there  is  httle  dissipation  of 
the  wave  amplitude  and  little  mass  diffusion  as  evidencttd  by  the  steep  gradients  at  tie* 
front  surface  of  the  target  and  at  the  material  interface  after  42  ns«T.  nr  5  transits  of  tii- 
eiastic  waves.  The  maximum  amplitude  of  the  stress  wave  as  m  propagates  through  tic 
media  is  approximately  5  kbar.  See  Figure  3.  The  yield  strength  of  the  foamliko  ruaf*'nai 
is  4.7  kbar  and  40.8  kilobar  for  the  plastic.  The  computational  results  yield  an  olastu  wave 
velocity  in  the  foam  (plastic)  of  5.42  x  10^  cm/s  (2  20  x  10^  cm/s)  rs  romparod  t..  tic 
theoretical/experimental  values  of  5.39  x  10^  cm/s  (2.19  x  10^  cm/s)  At  fh<'  int*  rfai . 
between  two  dissimilar  materials,  the  amplitude  of  the  transmitted  stress  w'ave  iat  )  should 
equal  the  sum  of  the  amplitudes  of  the  incident  (o,)  and  reflected  (a^  )  stre.ss  wave-  For 
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stresses  measured  at  the  interface,  the  cumputatiuiial  resuils  give  a,  -t  o,  ~  5  45  kiiai  and 
<Jt  =  5.5  kbar.  The  computatioual  results  are  m  excellent  agre*:Uiieiif  with 

For  the  adiabatic,  slowly  rising,  high  mteusif’.  l;Lsi?r  case,  we  chuse  target  tin.  k 

nesses  and  maximum  laser  intensities  similar  to  those  euvisicncd  f.tr  th*-  NIKE  L;s><'r 
System  For  the  first  case,  the  ISI-siuoothed  las»'r  pulse  has  the  canunual  {xiucr-iaw 
profile  with  a  1/2  nsec  rise  to  10^^  W/cm^,  a  rlst*  to  3  x  It)*"*  W/cin^  at  ti  uscc 

followed  by  a  3  nsec  driv-e  at  this  intensity.  See  Figure  1  The  target  ls  On  pm  <»f  CH  and 
the  laser  wavelength  is  1/4  pm  with  a  coherence  time  of  1  psw  The  target  mas.c  variation 
at  the  beginning  of  the  drive  portion  of  the  pulse  (6  nsix)  Is  3  O'-T  This  is  fomj>aralilc  to 
the  mass  'variation  (3.8%)  attained  with  the  pure  hydrodynamic  version  of  the  code  under 
the  same  pulse  shape  conditions.  This  is  to  be  expected  as  the  first  shock  stemming  from 
this  laser  pulse  is  0(1  Mbar)  and  the  elasticity /plasticity  of  the  material  d(K?s  not  play  a 
role.  The  target  would  soon  fracture  as  a  result  of  the  RT  instability  with  an  initial  mass 
perturbation  of  this  magnitude.  The  total  energj'  density  of  the  laser  pulse  (9  n.set )  is  97(t 
kJ/cm^  and  the  target  velocity  at  9  nsec  is  2.5  x  cm/s 

For  the  shock-free  pulse,  the  laser  intensity  starts  at  10^  W/cm^  and  increases  very 
slowly  reaching  3  x  10*^  W/cm^  at  28  nsec.  See  Figure  4a.  Shown  in  Figure'  4b  is  an  x  - 
t  ~  p  plot  illustrat'ng  the  target  response.  A  small  compression  wave  begins  projiaganng 
through  the  target  at  20  nsec;  the  total  stress  has  reached  an  amplitude  of  20  kbar 
at  this  time.  The  peak  compressed  density  is  8.2  gm/cm'^  which  is  12%  larger  than  for 
the  6  nsec  pulse  case.  Figure  5  illustrates  the  target  isodensity  contours  at  28  nsec  - 


the  beginniug  of  the  drive  portiuu  of  the  pulst?  The  aiuplitucit-  i.f  the  nuixauuni  tiehsitv 
variation  is  only  0.5%.  This  is  close  tu  the  requirerueiit  (0(0  r’li)  f  .r  unifiaiii  Jiiiplosj. .u 
Note  that  a  portion  of  this  grouth,  an  e-foldmg  or  Sij.  is  due  to  RT  growth  ;is  tie- 
begins  to  rapidly  accelerate  at  27  nsec  For  this  case,  the  total  eiiergv-  d.  u.'-uy  of  tii« 
laser  pulse  (31  nsec)  Ls  12(K)  k.l/cru'^  and  the  target  velocity  at  :U  n.'^et  is  2  x  lo-  cnj 

In  sunumary,  we  have  shown  that  it  is  possible  to  mininuze  the  iinpai-t  of  the  O'sulual 
nonuniformities  inherent  in  a  nonperfect  laser  beam  during  the  .start-u[)  phase  Thi.^ 
done  by  eliminating  the  first  shock  in  the  laser  pulse  b>'  designing  a  ternjioralJy  long, 
slowly  rising,  truly  adiabatic  laser  pulse.  In  order  to  model  this  jtheuomena.  we  developed 
an  elastic,  elastic- plastic,  hydrodynamic  code  A  small  price  h-  paid  in  laser  energy  and 
hydrodynamic  efficiency,  but  the  net  result  is  that  the  perturbation  level  Ls  r*xlucetl  by 
nearly  an  order  of  magnitude  below  the  level  attained  with  the  canonical  p<mer-law  pulse 
or  with  other  target  designs.^ 
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Figure  1.  Plot  of  the  intensity  versus  time  of  a  typit'al  power  law  la.s('r  pulse  The  sections  !al>e 


propagation. 


8.2ym/cm* 


4.  (a)  Intensity  profile  for  the  temporallv  kiup;.  slowly  risute,  User  pulsf  (1))  x-t-/;  } 
for  the  60  nm  thick  plastic  target  (ui  tli.’  < (>uter-uf-ma<s  frame)  for  the  sknvly  n^iuc  1; 


0 
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Figure  5.  Isodensity  contours  of  the  60  nm  thick  CH  target  at  28  nsec  impacted  with  the  slowly 
rising  laser  pulse.  The  maximum  mass  variation  at  this  time  is  0.5%. 
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